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Electron-Morphometric Classification of the Native Honeybees from Korea 
Part V. Cluster Analysis by Canonical Function Score 


Kwon, Yong Jung and Huh, Eun Yeop 
(Department of Agricultural Biology, College of Agriculture, Kyungpook National University, Taegu 
l 702-701, Republic of Korea) 


ABSTRACT 


In the present investigation, some cluster analyses were done for each population of the 
native honeybee workers (Apis cerana), which were selected for 15 different localities in spring 
and 16 in summer from Korea. In this analysis, the seasonal segregation was perfectly revealed 
by both Ward’s and the average linkage between groups methods, whereas, it did not 
necessarily revealed any systematic relationship between geographical groups. 


Key words: morphometrics, numerical taxonomy, multivariate analysis, cluster analysis, Apis 


cerana, Korea. 
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3 27299, NE GS HANA 4904 FAIS ep 1 Ad (Ruttner, 1978, 1988), 

TU At de] TLS NG MAME BL S 1 FL AAA AA utet Apis cerana 
cerana Fabr., Apis cerana indica Fabr., Apis cerana philippina Skor., Apis cerana 
japonica Rad. FA E22 Fæ YH (Kwon and Huh, 1992a, b). 

29499 47 BASU MAE] AH A FAA AA) YANG xa SH, 
ALE SAN} PAFA Ll PRGA HALA HA spepepa] KO PE, A 
Ruttner (1988) 9] AA BEA BFAD UE Apis cerana japonica} 714% ‘Group IVA 
39 dez PF ZHI VE 4397, 

BENT e] EFAS] AY NEGA SAS KI] NA 99319 x, FAIAIS aj 
AALS KYA NGA] Y Fuss At 7] E & PALA spe, HANS I 74 
uA za] AVA 2 47709] 3913429 wat 224 (cluster analysis) £ AA a4 FR AA 
# ARA $ NARLA AT KAYA ARQ As] DHA, HAE BY A tH groupzt 
Jia BES asa suu. 


Fig. 1. Collected localities for the morphometric analysis of Apis cerana (for caption, see table 1). 
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Table 1. Data for specimens used in the morphometric analysis of Apis cerana (LON: locality No., SLN: sublocality 


No., PON: population No., SEN: season (No.1: spring, 2: summer), IND: number of individuals]. 
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Kayasan, 14,V,1990 
ditto 


ditto 
P'algongsan, 15,V,1990 
ditto 
ditto 
ditto 
ditto 
ditto 
Sobaeksan, 16,V,1990 
ditto 
ditto 
Taebaeksan, 16,V,1990 
ditto 
ditto 
Chirisan, 19,V,1990 
ditto 
ditto 
ditto 
ditto 


ditto 
ditto 


ditto 

Chirisan, 20,V,1990 
ditto 
ditto 

Tögyusan, 20,V,1990 
ditto 
ditto 

Yang h wisan, 23,V,1990 

itto 

ditto 

Ulju, 23,V,1990 
ditto 
ditto 

Kariwangsan, 26,V,1990 
ditto d 


ditto 

Pangdaesan, 27,V,1990 
ditto 
ditto 
ditto 

Sóraksan, 27,V,1990 
ditto 
ditto 
ditto 

Kayasan, 26,VII.1990 
ditto 

P'algongsan, 30,VII 1990 
ditto 
ditto 
ditto 
ditto 
ditto 

Sobaeksan, 4,VIII,1990 
ditto 
ditto 

Taebaeksan, 4,VIII, 19890 
ditto 


ditto 
Chirisan, 24, VII, 1980 
itto 


ditto 
Tögyusan, 26,VII,1990 
ditto 


ditto 
Yöngch'wisan, 26 VII,1990 
itto 
ditto 
Ulju, 26,VII,1990 
ditto 
itto 
Kariwangsan, 5,VII1,1990 
ditto 
ditto 
Pangdaesan, 5,VIH,1990 
ditto 


ditto 
Söraksan, 5,VIII,1990 
itto 
Chémbongsan, 5.V1lI,1990 
ditto 
ditto 


DATA and LOCALITY 
Kuwonni, Kayamyón, Hapchön gun, Kyóngnam 
itto 


ditto 
Kasandong, Kasanmyón, Ch'ilgokkun, Kyóngbuk 
itto 


ditto 
ditto 
ditto 


ditto 
Paejómni, Sunhüngmyón, Yóngp'unggun, Kyóngbuk 
itto 
ditto 
Sododong, Taebaekshi, Kangwón 
ditto 
ditto 
Ch'usõngdong, Mach'ónmyón, Hamyanggun, Kyöngnam 
itto 
ditto 
Samjöngni, Mach'ónmyón, Hamyanggun, Kyóngnam 
itto 
ditto 
Simwênni, Sandongmyðn, Namwón'gun, Chónbuk 
itto 
ditto 
Naedongni, Tojimyón, Kuryegun, Chönnam 
itto 
ditto D 
ida aa Samjangmyón, Sanch'ünggun, Kyóngnam 
itto 
ditto 
Ch'angsónni, Puksangmyón, Kóch'anggun, Kyóngnam 
itto 
ditto 
Chisanni; Habukmyðn, Yangsan'gun, Kyóngnam 
itto 
ditto 
Sohon Sangbukmyðn, Uljugun, Kyóngnam 
to 
ditto 
Changiónni, Chinbumyón, P'yóngch'anggun, Kangwón 
itto 


ditto 
Misanni, Sangnammyðn, Injaegun, Kangwon 
itto 
ditto 
ditto E 
Yongdaeri, Pukmyðn, Injaegun, Kangwón 
itto 
ditto 


ditto 
Kapa Kayamyón, Hapch'dn'gun, Kyóngnam 
itto 
Kasandong, Kasanmyón, Chilgokkun, Kyóngbuk 
itto 
ditto 
ditto 
ditto 


itto 
Paejgmni, Sunhüngmyón, Yóngp'unggun, KySngbuk 
itto 
ditto 
Sododong, T'aebaekshi, Kangwón 
ditto 
ditto 
Chusöngdong, Mach'ónmyón, Hamyangkun, Kyéngnam 
itto 


ditto 
Samjöngni, Mach'ónmyón, Hamyanggun, Kyóngnam 
itto 
ditto 
Simwönni; Sandongmyðn, Namwon'gun, Chénbuk 
itto 
ditto 
Naedonani, Tojimyón, Kuryegun, Chénnam 
itto 
ditto 
Pyongehionnt, Samjangmyon, Sanch'ónggun. Kyóngnam 
itto 
ditto 
Changsönni, Puksangmyón, Kóch'anggun. Kyóngnam 
itto 
ditto 
Chisanni, Habukmyon, Yangsan'gun, Kyóngnam 
itto 


ditto 
Sohori, Sangbukmyón, Uljugun, Kyóngnam 
ditto 
ditto 
Changjónni, Chinbumyón, P'yóngch'anggun, Kangwón 
itto 
ditto . 
Misanni, Sangnamyón, Injaegun, Kangwón 
itto 
ditto 
Yongdaeri, Pukmyón, Injaegun. Kangwón 
itto 
Pukni, Kirinmyón, Injaegun, Kangwón 
ditto 
ditto 
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EX mop ER BR RAE bank} 8 $ UES HAHA 7121 (1990, 5-1991. 10) 
Zo E, HE, 12 E ARAE AF FA 15- py HQ »xsp LL BAAS BE 
FAA UA (worker) 2 dez Y ARAPA 2-4ee#e F 20-309 HAY PAR 
Ash, F 10,0009 Aas Ye Y + age (Fig D, J248 E ARANA Y 
AA APRS IS LEAL YUP > AA, gray Ada KYA Sz 
9| ASE PE ous. 

1 #04 E FA] of BS] 222 4 JAY, NAY AA ste} Groups 2071 
HY VAS ALLE, EA 15, HA 1678 AYAH 49YATY EF 1960743] & ALA 
z9], AYA ÆA ARTO] YEAH 1 A7 ZA AMAT SSSR AAA ael 
| ær ALE VINI AYE Sa] Y HA eaput go (Table 1). 

Jada AA Y Hida asta ethyl alcohol(95-98%)o] 5-6%xt, KOH 
(10%) eA} 5-72] 24 (65-70 C) HAHAY. ANA JAAVA Asa SENN JAEL 
NaClO(4%) 0] 30-4022: WA) E-&- ch] ethyl alcohol A] 1% (95-98%) sk A] 2% (100%) ell 
NA 5-6 æt Y2 X, aceton Al 1, 24 (99,5%) AAS 5-6 Kh AS Aza] slide 
glass] 41341, 

sd 322 12 MANGANE EY GA AA Í, Ruttner(1988)9 sya YA HA 
tae AES Yao 2718, 2 4181 YAS Y 24] ASA (Table 2, Fig 2). 


Table 2. Codes for characters used in the morphometric analysis of Apis cerana. 


No. Code Character No. Code Character 
1 ASL Antennal scape length 25 HWL Hind wing length 
2 FAL Face length 26 HWW Hind wing width 
3 HEW Head width 27 JLW Jugal lobe width 
4 DOA Distance between ocellus & antennal socket 28 VLW Vannal lobe width 
5 PTL Proboscis total length 29 TML Transverse median vein length 
6 PDL Proboscis distal length 30 TCL Transverse cubital vein length 
7 FWA Fore wing area 31 HWH Hind wing hamuli 
8 FWP Fore wing perimeter 32 FFL Fore leg femur length 
9 FWL Fore wing length 33 FIL Fore leg tibia length 
10 FWW Fore wing width 34  MFL Mid leg femur length 
11 CCL Costal cell length 35 MTL Mid leg tibia length | 
12 SML Submedian cell length 36 HFL Hind leg femur length 
13 SDL Second discoidal cell length 37 HTL Hind leg tibia length 
14 FWX Fore wing appendix 38  HML Hind leg metatarsus length 
15 MCL Marginal cell length 39 HMW Hind leg metatarsus width 
16 SCL Second cubital cell length 40 T3L Tergite-3 length 
17 SCW Second cubital cell width 4]  T4L Tergite-4 length 
18 CUA Cubital vein distance a 42 SIL Sternite-3 length 
19 CUB Cubital vein distance b 43 SWL Sternite-3 wax plate length 
20 CUC Cubital vein distance c 44 SWW Sternite-3 wax plate width 
21 CUD Cubital vein distance d 45 S6L Sternite-6 length 
22 TCW Third cubital cell width 46 S6W Sternite-6 width 
23 HWA Hind wing area 47 STL Sting length 


24 HWP Hind wing perimeter 
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Fig. 2. Schematic drawings of the body parts of Apis cerana used in the morphometric analysis (character 


codes as in table 2). 
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ra 


AYA LE 3232 9381] 4 (Olympus BHA) st AAA: 4 (Olympus SZH)9] #4 
H digitizer(Summasketch plus) € 084343 AREA AS ARAE micro computer 
(Expert 386-SX, coprocessor: Intel 80387)2 4143] SATA, 104m(HAY Ar 
10um’) 72] 24 HAHAY. 

UH A= SPSS/PC+ (ver, 2.0)& HAH, SxbBgezi- BYE] epa A 
FRY (Kwon and Huh, 1992b)22 2 442 AS UYY, zb BEY + 
AA ET FEAS ANH] NAY squared Euclidean distance] AFB Ya 
Wardi eyes Asta, E NE +3 (similarity pattern)2] TYO NA cosine 
FAZ ATHY] AR ARA Bata FAN 123594, o] F7] Yu YO Aspe 
AZ HULA Ad (Table 3). 249 AJE ABA Y MATH Soe PEGA, 
PAG FAS AA 7 AAA SARA MAT SIA BAY NAA MAT HY da 
NE BN 


L SA HAT 

e| TAY SAS AYNA QUe 5 KASE GE PAAA AS 150 2414199 2A 
MATES AA F DIE HAT, NAY Y Am bd 9 SS DONNA Bact, 

Warda HANE MATEO] 2789] FILE HA TEH, í FAN NOTA 
YN] 2789] TLE NT HAT GAME Group 25 (Chirisan 4)% Group 34 (Yóngch 
wisan) 7}, = Group 16(Chirisan 1) Group 19(Chirisan 2)7} 44 744 BAPA 1322 
2 ss, 2 Z0] Group 37(Ulju) t Group 40(Kariwangsan) 9 PAY, zd 
A JV 578 2419 MATS FAYE Group 28(Chirisan 5)0 92 AHA HE Fo 
assu. 

Ada HEAVHANET A 2749] FILE Urge, í FAN FULL 2719] 
zo: MEAR, | SS mua ways] AT 44 ALAN AA Group 
l(Kayasan) Group 4(P’algongsan) 7} 74 fátt 14222 BHAY. AA 524" a 
AA HALE FAYE AA Group 28(Chirisan 5) GE Halo) YE ue] APAA 
(Fig, 3). 


Table 3. The clustering measures and methods used (distance measures between units X and Y. based on i variables). 


Measures Methods 


SEUCLID Ward's method 
(squared Euclidean distances) 
Distance (X.Y) = Z(X,-Y, 
COSINE Average linkage between groups 
(Cosine of vectors of variables) 


= (Xi, Yi) 


Similarity (X.Y) = 
cis ECHES 


a- -RAE WHE SS] LIBRA DE V. 195 


1. Dendrogram using Ward Method 


Rescaled Distance Cluster Combine 


0 5 W 15 20 25 
OTU +. +-— od cd n e 
25 Chirisen 4 — — 
34 Yongeh wisan zl Po Needs 
2, Lede 3 ud Machen Panes 
22 Chirigan Jp 


16 Chirigan 1 AG MEE EE 
19 Chirisan 2 

10 Sobaaksan Pa 
13 V’ sebaoksan APA a] 


viju 
40 Kariwangsan za] | PONES 
43 PoneGooosn +) - -- 


31 Pogyunan ‘ is í | 1 
28 Chigigan 3 «--- -—--—---- —- -- ¡AV fe a, 
46 Soralkkgan sn a Sr rn 

4 Xayoanan ME. - ] 

4 P'slgonggan <«--- -- - 


Seeeecectecdccdedcdcdd 
Qu 


2. Dendrogram using Average Linkage (Between Groups) 


Rescaled Distance Cluster Combine 


0 5 10 15 20 25 
OTU + aðra e NM: 4 . - ha 


2 Kayagan o to pm main ee; Id 

4 P'algongsan | mE 
10 Sobackoan 
13 *'&aobaoksan 
22 Chírisan 3 
25 Chirigan 4 
16 Chirisan 1 
19 Chirissn 2 
37 Uiju 
40 Xariusnosan 
31 Togyusan 
34 Yoncch'wisan --—-— x 
43 Pangaosan | .————-—— —- — ---- ut paz 7 
28 Chixican 5 efi Tino Kai gs 
46 Soraksan AP sre e eus 


Seecedcdedecccccece 


Fig. 3. Dendrograms using 2 clustering methods for different populations in spring by canonical function score. 


2. SA HA 

e| 249 EHE ANA qu 2392 Ge PANAY 42 # 1674 AHA HA 
MATA AA 4 II HAE, DRY AS Ae SS gous} HAD 

Ward uei MATEO] mo] 2703] Frez YAH, í SoA yege 2 
MA CLE GN ALADO, 947141 Group 70(Chirisan 3)2+ Group 73(Chirisan 4) ol, 
Œ Group 85(Ulju) 2+ Group 88(Kariwangsan)°] 42 +48 14222 dade, = 
AY JAA 579 249 MATE Fo] 4] Group 64(Chirisan 1) 2} Group 67(Chirisan 2) 0] 
AHA GS TA db. 

qua BATHUK no 2789] FTLE YTAHLY, | EL ua] 9449 ze 
= 44 ASU, 947143 Group 85(Ulju) 2 Group 96(Chdmbongsan)°] 7443 abş 
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1992. 12. 1. 
9] 5] a Al 2] 4h 24 AAS MATE SoA Group 28(Chirisan 5) «t #4 


At az 5M 2492 uz TANAN 4 49974 AAN HAH 
o] NG FU AS TF 167] NAA IAEA AA 4 NIY FALE, LAYA zeta 
79 SS toon az seu. 

Ward HA MATEO] HA IMA FILE YFNALH, 1% aue 
Group 96(Chdmbongsan)°] DA #444z 4 F 2789] ALLS TAN MAH LA 3} 
GEE 219 TITLE NEHA FA] Bato mua] FE THAT, HANE 
Group 31479(Togyusan) 2k Group 37-85(Ulju)7t, E Group25+73(Chirisan 4) Group 


1. Dendrogram using Ward Method 
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2. Dendrogram using Average Linkage (Between Groups) 
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Fig. 4. Dendrograms using 2 clustering methods for different populations in summer by canonical function score. 
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1. Dendrogram using Ward Method 


2. Dendrogram using Average Linkage (Between Groups) 
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Fig. 5. Dendrograms using 2 clustering methods for different populations regardless of seasons by canonical 
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34+82(YSngch’wisan) 7} 474 $r^b&t 14222 4993904, 194 AA 578 2218 AM 
ATE SoA] Group 25+73(Chirisan 4)% Group 28+76(Chirisan 5)°] 492] AA) 1 E 
Tuae] uuu. 

Hau 3-düpueape za 2743] FILE TAYA, | EEG 2048 TL 
2 44 Ai, Bats 2132 44 2789] 2322 mu] MERAH, HANE 
Group 1+50(Kayasan) ++ Group 4+52(P’algongsan), 21813 Group 31+79(Tégyusan) 9} 


+ #00) 


Group 37+85(Ulju) 7} 74 +A 14222 AAA, ze 5n LAG MATE 


= 


T 


AT Group 19+67(Chirisan 2)3 28199 92 #70 YAAN (Fig, 5). 
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4, ESP GAA MAHA 
e| 249 SAS AYA al 5A DAYS cum PARA AF 


Al FAR IMAZ 44 AA 4 128, AA AA, DHA 
LARA sta. 

Warda PANUT MATEO] Basal LA E SA 2749] 
| $2 YA 2742) zx 44 AGAVE, 


ALA, 3AA 14 HAT AYE BAY. 


1. Dendrogram using Ward Method 
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Fig. 6. Dendrograms using 2 clustering methods for all the populations of 2 seasons by canonical function score. 
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AÐA 5M LAYA MATE SIA HA MAZEE GA FA APHALY, FA MA 

LHe Group 28(Chirisan 5) & Asus BF + lal abi 492 HAY. 

ADA BABAG FATA FA Y HA 2749] FILE AAH Y FAA, 1% 
A AALS ANTE MERA 44 209 24723 ERA HA. HALANG 
Group 50(Kayasan) e] YA #38 $, AA 219 24122 MEH, q7) A5 Group 
1(Kayasan) 4 Group 4(P'algongsan) 7} 74 +48 14222 4444, AYNA SA 4 
AS MATE SIA IA MATES Ga HA AYALA, FA MATES Group 
19(Chirisan 92 AYU X NT damp ASS E 6). 

01420], 2443904 27] Ag BS GAGA TO TAG ZFS suu 1 
at AÐA 4199 de 52439 AALS HAE NANG Y oy el 
SAAS AFYLE BATA YA AL AUR prise aA 242 
E FB AAA A, Buse] GS 332,34 Y AYA LE, FE, AE a 74-9 
, AAN EE JAULA, BIAS FS JUEZA FS NG NGA gs v 
EG AAA ye ALE ER F7 Ud, 


= 
E 
A 
> 
ES 
= 


2 e 


aa) FEST Ye MES (Apis cerana) A WHS MILE FA 
15339 Y FA 16139 MATS AYALA, E 470 44349] YAH AA 
3, AA 59) Lolo] Hæ) TEA (cluster analysis) ANAY 2 AS 
HARA TRE A eL, ATA NANT dasa FAR 
AS ASALE BAKA etch, 
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